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Introduction {#ehf212700-sec-0004}
============

The diagnosis of heart failure (HF) is associated with either reduced ejection fraction (HFrEF) or preserved ejection fraction (HFpEF). The latter is a heterogeneous group of patients making up nearly 50% of the HF population[^1^](#ehf212700-bib-0001){ref-type="ref"} and with a 65% mortality rate 5 years after hospitalization, making the prognosis as ominous as that of HFrEF.[^1^](#ehf212700-bib-0001){ref-type="ref"} Despite improvements in understanding the underlying disease mechanisms in HFrEF, many of the mechanisms in HFpEF remain unknown, and the syndrome has been referred to as the greatest unmet need in cardiovascular medicine.[^2^](#ehf212700-bib-0002){ref-type="ref"}

In HFpEF, non‐cardiac co‐morbidities such as diabetes, obesity, hypertension, and chronic kidney disease are common[^3^](#ehf212700-bib-0003){ref-type="ref"} and have the ability to induce systemic inflammation proposed to cause microvascular endothelial dysfunction, in the myocardium as well as in the periphery.[^4^](#ehf212700-bib-0004){ref-type="ref"}, [^5^](#ehf212700-bib-0005){ref-type="ref"}

Myeloperoxidase (MPO) is a leukocyte‐derived heme protein associated with vascular dysfunction and a prognostic biomarker in cardiovascular disease, including congestive HF. MPO catalyses the formation of hypochlorous acid, among other reactive oxidants. In cardiovascular disease, this is suggested to occur in the subendothelial glycocalyx, where MPO is electrostatically trapped to proteoglycans causing vascular dysfunction mediated by direct and indirect oxidation of nitric oxide (NO).[^6^](#ehf212700-bib-0006){ref-type="ref"} This may result in hypoxia, ATP depletion, and increased purine catabolism and accumulation of uric acid.[^7^](#ehf212700-bib-0007){ref-type="ref"}

MPO may also affect vascular function by lowering availability of the NO‐substrate arginine through symmetric dimethyl arginine (SDMA) and asymmetric dimethyl arginine (ADMA).[^8^](#ehf212700-bib-0008){ref-type="ref"} In cardiovascular disease and HF, MPO and calprotectin, also released in response to oxidative stress, are both involved in amplifying the inflammatory response.[^9^](#ehf212700-bib-0009){ref-type="ref"}, [^10^](#ehf212700-bib-0010){ref-type="ref"}

Elevated levels of MPO have been reported in patients with chronic HFrEF compared with controls and correlate with disease severity as defined by New York Heart Association (NYHA) class, N‐terminal brain natriuretic peptide (NT‐proBNP), and echocardiographic measurements of systolic and diastolic function[^11^](#ehf212700-bib-0011){ref-type="ref"}, [^12^](#ehf212700-bib-0012){ref-type="ref"}, [^13^](#ehf212700-bib-0013){ref-type="ref"} and remodelling[^14^](#ehf212700-bib-0014){ref-type="ref"} after myocardial infarction. Further, increasing levels of MPO are associated with mortality in patients with HFrEF[^13^](#ehf212700-bib-0013){ref-type="ref"} and acute HF.[^15^](#ehf212700-bib-0015){ref-type="ref"}

The aim of the present study was to investigate MPO‐related oxidative stress through biomarkers reflecting neutrophil involvement (calprotectin), tissue hypoxia (uric acid), and NO availability (arginine, ADMA, SDMA), by comparing concentrations with those of healthy controls, associations with markers of HF and mortality, and HF hospitalization in patients with HFpEF.

Methods {#ehf212700-sec-0005}
=======

Patients and controls {#ehf212700-sec-0006}
---------------------

The Karolinska Rennes (KaRen) was a prospective observational multicentre study characterizing patients with HFpEF.[^16^](#ehf212700-bib-0016){ref-type="ref"} The biochemistry programme recruited 86 patients presenting to hospital with acute signs and symptoms of HF according to the Framingham criteria, NT‐proBNP \> 300 ng/L, and a left ventricular EF (LVEF) ≥ 45% between 21 May 2007 and 29 December 2011. Blood sampling and echocardiography were performed at stable follow‐up 4--8 weeks after enrolment. Patients were followed up until 30 September 2012 for the composite outcome time to death from any cause or first hospitalization due to HF.

At the follow‐up visit, blood samples were collected in EDTA tubes in a fasting condition in the morning and centrifuged, and plasma was stored in aliquots in −70°C until analysis.

Healthy controls were consecutively recruited by newspaper advertisement. Controls were free of cardiovascular symptoms, clinical signs of ongoing disease, ongoing medication, and structural heart disease on echocardiography, and all had normal resting electrocardiograms.

Quantification of biomarkers {#ehf212700-sec-0007}
----------------------------

Plasma MPO and calprotectin concentrations were determined by ELISA (BioLegend, San Diego, CA; and BMA Biomedicals, Augst, Switzerland, respectively). Uric acid, [l]{.smallcaps}‐arginine, ADMA, and SDMA were quantified by isotope dilution liquid chromatography coupled to tandem mass spectrometry.[^17^](#ehf212700-bib-0017){ref-type="ref"}, [^18^](#ehf212700-bib-0018){ref-type="ref"} NT‐proBNP was quantified by Elecsys electrochemiluminescence "sandwich" immunoassay, proBNPII (Roche Diagnostics, Bromma, Sweden) with a lower detection limit of 5 ng/L, and interassay coefficients of variation of ≤20%.

Estimated glomerular filtration rate (eGFR) was calculated according to the CKD‐EPI creatinine equation.[^19^](#ehf212700-bib-0019){ref-type="ref"}

The echocardiographic assessment was performed on a ViVid 7 echo‐platform (GE VingMed, Horten, Norway) and analysed in core centre Hôpital Pontchaillou, Rennes, France. Examinations were interpreted once and measurements were performed three times and averaged by a sonographer (E. D.) blinded to the clinical history of the patient.

Structural heart disease was assessed as left atrial (LA) volume index (LAVI) calculated as LA volume in mL divided by body surface area in m^2^ and categorized as \>34 mL/m^2^. Left ventricular hypertrophy (LVH) was assessed as left ventricular mass index and dichotomized as left ventricular mass divided by body surface area (\>95 g/m^2^ in women and \>116 g/m^2^ in men) according to the European Society of Cardiology (ESC) guidelines.[^20^](#ehf212700-bib-0020){ref-type="ref"} Diastolic dysfunction was assessed as E′ and E/e′ ratio and categorized as average E/e′ ratio \> 14 according to the American Society of Echocardiography and the European Association of Cardiovascular Imaging guidelines.[^21^](#ehf212700-bib-0021){ref-type="ref"}

Statistics {#ehf212700-sec-0008}
----------

Continuous variables are expressed as median and quartiles (Q1;Q3) and differences between groups determined by the Wilcoxon rank sum test. Categorical variables are expressed as numbers and percentages and analysed using Fisher\'s exact test. Correlations between plasma MPO and echocardiographic measurements of cardiac function were determined using Spearman\'s correlation coefficient. Correlations between MPO and clinical and biochemical characteristics included in *Table* [*1*](#ehf212700-tbl-0001){ref-type="table"} were performed, as they may influence MPO levels and/or outcome.

###### 

Baseline characteristics in the 86 patients in Karolinska Rennes

  Variable                                    HFpEF patients (*n* = 86)
  ------------------------------------------- ---------------------------
  Patient history                             
  Age (years)                                 73 (66;79)
  Gender (female)                             44 (51%)
  Medical history                             
  Smoking                                     45 (52%)
  Hypertension                                68 (79%)
  COPD                                        14 (16%)
  Diabetes mellitus type 2                    27 (31%)
  Coronary heart disease                      29 (34%)
  Stroke                                      9 (10%)
  Atrial fibrillation                         49 (57%)
  NYHA class I                                19 (22%)
  NYHA class II                               47 (55%)
  NYHA class III                              20 (23%)
  Measurements                                
  Weight (kg)                                 83.5 (72;98)
  BMI (kg/m^2^)                               28.5 (25.0;32.9)
  Systolic blood pressure (mmHg)              140 (90;210)
  Diastolic blood pressure (mmHg)             80 (70;85)
  Heart rate (b.p.m.)                         70 (60;80)
  Treatment                                   
  ARB                                         28 (33%)
  ACE‐inhibitor                               42 (49%)
  Thiazide diuretics                          14 (16%)
  Potassium‐sparing diuretics                 18 (21%)
  Loop diuretics                              63 (73%)
  Calcium channel blocker                     27 (31%)
  Beta‐blocker                                69 (80%)
  Anticoagulants                              47 (55%)
  Antiplatelet                                29 (34%)
  Statins                                     38 (44%)
  Nitroglycerine                              12 (14%)
  Glucose‐lowering medication                 17 (20%)
  Pacemaker                                   20 (23%)
  ECHO parameters                             
  LVEF (%)                                    64 (58; 68)
  LAVI (mL/m^2^)                              44 (38; 52)
  LA volume (mL)                              86.5 (75; 104)
  Left ventricular mass index (g/m^2^)        114 (95;142)
  Male                                        125 (102;157)
  Female                                      109 (94;136)
  LVEDd (mm)                                  47 (43;53)
  E/A ratio                                   1.3 (0.9;2.1)
  E/e′ ratio                                  10.8 (8.3;14.0)
  E′                                          8.0 (7.0;10.0)
  IVRT (diastole)                             94 (77;113)
  Mitral VTI                                  23 (16;30)
  E‐wave deceleration time (ms)               203 (156;228)
  Biochemistry                                
  NT‐proBNP (ng/L)                            1000 (469;2330)
  Glucose fasting (mmol/L)                    5.6 (5.1;7.5)
  Creatinine (μmol/L)                         84 (73;107)
  eGFR (mL/min/1.73 m^2^)                     70 (53;85)
  Haemoglobin (g/L)                           131 (122;142)
  White blood cells count (x 10^9^ cells/L)   7.2 (5.6;8.5)

ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; BMI, body mass index; COPD, chronic obstructive pulmonary disease; eGFR, estimated glomerular filtration rate; IVRT, isovolumic relaxation time; LAVI, left atrial volume index; LVEDd, left ventricular end‐diastolic diameter; LVEF, left ventricular ejection fraction; NT‐proBNP, N‐terminal brain natriuretic peptide; NYHA class, New York Heart Association class; VTI, velocity‐time integral.

Continuous variables are presented as median and lower and upper quartiles (Q1;Q3) and categorical variables as numbers (*n*) and percentages (%).

Kaplan--Meier analyses and Cox proportional hazards models were used to analyse MPO and uric acid as a predictors of outcome and presented as hazard ratio (HR) and 95% confidence interval (CI). The same variables as in the correlation analyses were used as covariates in multiple Cox regression models. The final multiple model included NT‐proBNP, age, and gender.

Owing to non‐normal distribution, all biomarkers were log‐transformed prior to analysis. All *P*‐values were two‐sided, and statistical significance was set at 0.05. All statistical analyses were performed using SAS software version 9.4 (SAS Institute, Cary, NC, USA).

Ethics {#ehf212700-sec-0009}
------

The KaRen study was conducted according to the International Conference on Harmonisation and Good Clinical Practice guidelines, and the investigation conforms to the principles outlined in the Declaration of Helsinki. The biochemistry substudy was approved by the ethical review board at Karolinska Institutet and the controls by the Local Ethics Committee in Gothenburg. Written and oral informed consent was obtained from all patients and controls prior to enrolment.

Results {#ehf212700-sec-0010}
=======

The characteristics of all 86 patients with HFpEF are presented in *Table* [*1*](#ehf212700-tbl-0001){ref-type="table"}. The median age of patients was 73 years, and 51% were female. LVEF was 64% (Q1;Q3 58;68), E/e′ ratio 10.8 (8.3;14.0), and LAVI 43 mL/m^2^ (38;52). A proportion of 23% had E/e′ \> 15, 67% had E′ \< 9, 89% had LAVI \> 34 mL/m^2^, and 58% had LVH. The 46 healthy controls were 24% women (vs. patients; *P*‐value = 0.005) and 60 (57;62) years of age, and the body mass index (BMI) was 24.4 (22.9;26.0) kg/m^2^ (both vs. patients; *P*‐value \< 0.001). LVEF was 63% (59;66; *P*‐value = 0.790).

Biomarker concentration {#ehf212700-sec-0011}
-----------------------

Concentrations of biomarkers in HFpEF patients and controls are depicted in *Figure* [*1*](#ehf212700-fig-0001){ref-type="fig"}.

![Concentrations of biomarkers in heart failure with preserved ejection fraction (HFpEF) patients and healthy controls presented as boxplots displaying interquartile range (IQR), median, mean (diamond), and outliers (circle). Whiskers represent maximum observation within 1.5 IQR above the 75th percentile.](EHF2-7-1534-g001){#ehf212700-fig-0001}

Concentrations of all biomarkers differed in HFpEF patients compared with controls, showing higher plasma concentrations of MPO \[101 (81;132) vs. 86 (74;101) ng/mL; *P*‐value = 0.015\], uric acid, ADMA, SDMA, and calprotectin, while concentrations of arginine were lower. The ratios between arginine and ADMA and between ADMA and SDMA were decreased in HFpEF patients, suggesting reduced NO availability and increased enzymatic clearance of ADMA, respectively.

Correlations between biomarkers and clinical and echo characteristics {#ehf212700-sec-0012}
---------------------------------------------------------------------

NYHA class correlated with uric acid (*r* = 0.22; *P*‐value = 0.045), SDMA (*r* = 0.33; *P*‐value = 0.002), calprotectin (*r* = 0.34; *P*‐value = 0.001) and negatively with ADMA/SDMA ratio (*r* = −0.30; *P*‐value = 0.005). Further, BMI correlated with MPO (*r* = 0.29; *P*‐value = 0.007), uric acid (*r* = 0.39; *P*‐value \< 0.001), and calprotectin (*r* = 0.38; *P*‐value \< 0.001). Hypertension correlated with MPO (*r* = 0.26; *P*‐value = 0.015), uric acid (*r* = 0.26; *P*‐value = 0.016), and calprotectin (*r* = 0.32; *P*‐value = 0.002).

*Figure* [*2*](#ehf212700-fig-0002){ref-type="fig"} depicts difference in biomarker concentration according to presence of diastolic dysfunction, reflected as E/e′ ratio \> 14, and structural heart disease, assessed as LAVI \> 34 mL/m^2^. Patients tend to have higher diastolic dysfunction MPO \[121 (97;144) vs. 98 (77;112) ng/mL, *P*‐value = 0.090\], and they had elevated concentrations of uric acid \[421 (370;486) vs. 344 (284;420) μM, *P*‐value = 0.012\] and SDMA \[0.54 (0.44;0.70) vs. 0.47 (0.38;0.52) μM, *P*‐value = 0.039\]. In patients with structural heart disease, arginine/ADMA ratio was lower \[116 (103;133) vs. 155 (137;176), *P*‐value = 0.014\], whereas the other biomarkers were not significantly different (*Figure* [*2*](#ehf212700-fig-0002){ref-type="fig"}).

![Biomarker concentrations according to presence of structural heart disease and diastolic dysfunction in heart failure with preserved ejection fraction (HFpEF) patients. Presented as boxplots displaying interquartile range (IQR), median, mean (diamond), and outliers (circle). Whiskers represent maximum observation within 1.5 IQR above the 75th percentile.](EHF2-7-1534-g002){#ehf212700-fig-0002}

Correlation between biomarkers {#ehf212700-sec-0013}
------------------------------

In *Figure* [*3*](#ehf212700-fig-0003){ref-type="fig"}, bivariate correlations between MPO and biomarkers display correlations with uric acid (*r* = 0.22; *P*‐value = 0.038) and calprotectin (*r* = 0.34; *P*‐value = 0.001). There was an inverse correlation with arginine/ADMA, but it did not reach statistical significance (*r* = −0.18; *P*‐value = 0.09).

![Correlations between myeloperoxidase and uric acid, N‐terminal brain natriuretic peptide (NT‐proBNP), calprotectin (neutrophil biomarker) arginine, symmetric dimethyl arginine (SDMA), and asymmetric dimethyl arginine (ADMA) (NO availability and endothelial function) in heart failure with preserved ejection fraction (HFpEF) patients.](EHF2-7-1534-g003){#ehf212700-fig-0003}

Although not displayed in *Figure* [*3*](#ehf212700-fig-0003){ref-type="fig"}, uric acid was found to be correlated with calprotectin (*r* = 0.34; *P*‐value = 0.001) and negatively correlated with arginine (*r* = −0.27; *P*‐value = 0.012), the arginine/ADMA ratio (*r* = −0.37; *P*‐value \< 0.001), and the ADMA/SDMA ratio (*r* = −0.34; *P*‐value = 0.001). NT‐proBNP correlated with uric acid (*r* = 0.24; *P*‐value = 0.025) and SDMA (*r* = 0.31; *P*‐value = 0.004) and negatively correlated with arginine (*r* = −0.22; *P*‐value = 0.041) and arginine/ADMA ratio (*r* = −0.37; *P*‐value \< 0.001) and ADMA/SDMA ratio (*r* = −0.22; *P*‐value = 0.047). eGFR correlated with uric acid (*r* = −0.36; *P*‐value \< 0.001), calprotectin (*r* = −0.43; *P*‐value \< 0.001), SDMA (*r* = −0.76; *P*‐value \< 0.001), arginine/ADMA ratio (*r* = −0.27; *P*‐value = 0.012), and ADMA/SDMA ratio (*r* = −0.69; *P*‐value \< 0.001).

Prognosis {#ehf212700-sec-0014}
---------

Median follow‐up time was 579 days (Q1;Q3 276;1178). No patient was lost to follow‐up. The composite endpoint of HF hospitalization or all‐cause death occurred in 36 patients, and 11 patients died during follow‐up.

As shown in *Figure* [*4A*](#ehf212700-fig-0004){ref-type="fig"} and *Table* [*2*](#ehf212700-tbl-0002){ref-type="table"}, increasing concentrations of MPO did not predict the composite endpoint in unadjusted analysis \[HR 1.48 (95% CI 0.70--3.14; *P*‐value = 0.304)\].

![Kaplan--Meier curves displaying cumulative survival free from the composite endpoint in heart failure with preserved ejection fraction (HFpEF) patients below vs. above median concentration of (A) myeloperoxidase (MPO) and (B) uric acid.](EHF2-7-1534-g004){#ehf212700-fig-0004}

###### 

Associations between biomarkers and the composite outcome in the 86 heart failure with preserved ejection fraction patients

+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+
| Parameter                |       | All‐cause mortality or HF hospitalization (*n* = 36) unadjusted | All‐cause mortality or HF hospitalization (*n* = 36) |       |                                                |             |       |
|                          |       |                                                                 |                                                      |       |                                                |             |       |
|                          |       |                                                                 | (adjusted age, gender, and NT‐proBNP)                |       |                                                |             |       |
+:=========================+=======+=================================================================+======================================================+=======+================================================+=============+=======+
| MPO                      | 86/36 | 1.48                                                            | 0.70--3.14                                           | 0.304 | 1.23                                           | 0.56--2.74  | 0.606 |
+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+
| MPO (adjusted age)       | 86/36 | 1.51                                                            | 0.71--3.23                                           | 0.286 |                                                |             |       |
+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+
| MPO (adjusted gender)    | 86/36 | 1.40                                                            | 0.65--3.01                                           | 0.386 |                                                |             |       |
+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+
| MPO (adjusted eGFR)      | 84/36 | 1.36                                                            | 0.66--2.82                                           | 0.403 |                                                |             |       |
+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+
| MPO (adjusted NT‐proBNP) | 85/36 | 1.21                                                            | 0.56--2.62                                           | 0.634 |                                                |             |       |
+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+
| Uric acid                | 86/36 | 4.79                                                            | 1.55--14.83                                          | 0.007 | 3.74                                           | 1.19--11.75 | 0.024 |
+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+
| NT‐proBNP                | 85/36 | 1.49                                                            | 1.05--2.12                                           | 0.027 | 1.49[^a^](#ehf212700-note-0003){ref-type="fn"} | 1.02‐2.17   | 0.038 |
+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+
| Arginine                 | 86/36 | 0.70                                                            | 0.17--2.60                                           | 0.562 | 1.12                                           | 0.28--4.44  | 0.874 |
+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+
| SDMA                     | 86/36 | 1.39                                                            | 0.65--2.95                                           | 0.399 | 1.08                                           | 0.48--2.42  | 0.859 |
+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+
| Calprotectin             | 86/36 | 1.38                                                            | 0.74--2.24                                           | 0.374 | 1.09                                           | 0.61--1.94  | 0.767 |
+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+
| ADMA                     | 86/36 | 1.34                                                            | 0.16--11.08                                          | 0.789 | 0.91                                           | 0.11--7.86  | 0.929 |
+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+
| ADMA/SDMA ratio          | 86/36 | 0.73                                                            | 0.33--1.61                                           | 0.436 | 0.92                                           | 0.41--2.05  | 0.833 |
+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+
| Arginine/ADMA ratio      | 86/36 | 0.63                                                            | 0.18--2.26                                           | 0.477 | 1.18                                           | 0.28--5.06  | 0.821 |
+--------------------------+-------+-----------------------------------------------------------------+------------------------------------------------------+-------+------------------------------------------------+-------------+-------+

Adjusted age and gender only.

*Figure* [*4B*](#ehf212700-fig-0004){ref-type="fig"} displays that uric acid above median was associated with decreased survival and predicted the composite endpoint in univariable analysis \[HR 4.79 (95% CI 1.55--14.82); *P*‐value = 0.007\].

Uric acid remained as a significant predictor when adjusting for NT‐proBNP, age, and gender \[HR 3.76 (95% CI 1.19--11.85); *P*‐value = 0.024\]. Calprotectin, ADMA, SDMA, or arginine did not predict the composite endpoint (*Table* [*2*](#ehf212700-tbl-0002){ref-type="table"}).

Discussion {#ehf212700-sec-0015}
==========

In HFpEF, we found higher plasma concentrations of MPO and biomarkers, reflecting inflammation and neutrophil involvement (Figure [*5*](#ehf212700-fig-0005){ref-type="fig"}). MPO‐dependent oxidative stress may be reflected by uric acid and calprotectin. NO availability and endothelial dysfunction reflected by SDMA were associated with diastolic dysfunction and arginine/ADMA ratio with structural remodelling. Uric acid was a significant prognostic predictor, which may mirror MPO activity contributing to endothelial microvascular dysfunction. This implies MPO‐dependent oxidative stress as a component of the HFpEF syndrome.

![Kaplan--Meier curves displaying cumulative survival free from the composite endpoint in heart failure with preserved ejection fraction (HFpEF) patients below vs. above median concentration of (A) myeloperoxidase (MPO) and (B) uric acid.](EHF2-7-1534-g005){#ehf212700-fig-0005}

In our cohort of well‐characterized HFpEF patients, we found higher levels of MPO and related biomarkers compared with those of healthy controls. Increased concentrations of MPO compared with those of controls have previously been described in HFrEF[^11^](#ehf212700-bib-0011){ref-type="ref"} and in HF populations including HFpEF patients, but the latter have been in minority and not separately studied.[^12^](#ehf212700-bib-0012){ref-type="ref"} Recently, it was also reported that S100A8 (one of the components of calprotectin) is elevated in plasma of HFpEF patients independent of symptomatic severity.[^22^](#ehf212700-bib-0022){ref-type="ref"} Interestingly, the authors could demonstrate adverse effects on calcium handling, as recovery of the spontaneous Ca^2+^ transient following each depolarizing pulse was considerably slower in the presence of rS100A8. This suggests a causative potential of calprotectin in HFpEF pathophysiology.

Correlations with measurements of diastolic function and structural heart disease {#ehf212700-sec-0016}
---------------------------------------------------------------------------------

In HFrEF and acute decompensated HF (ADHF), respectively, MPO concentration is not correlated[^23^](#ehf212700-bib-0023){ref-type="ref"} and weakly correlated with NYHA class.[^24^](#ehf212700-bib-0024){ref-type="ref"} Also, in the present study, NYHA class did not correlate with MPO concentration. However, a correlation was found between NYHA class and uric acid, demonstrating that this latter marker as a reflector of functional status in HFpEF. Further, we found that uric acid was associated with diastolic dysfunction, while MPO trended to be elevated in patients with E/e′ \> 14 but did not reach significant difference. This is in line with findings in ADHF where no association between deteriorating diastolic stage and MPO was found[^24^](#ehf212700-bib-0024){ref-type="ref"} but is in contrast to HFrEF where MPO has been associated with deteriorating diastolic stage.[^13^](#ehf212700-bib-0013){ref-type="ref"} There are data suggesting MPO as an important part of the structural remodelling of the myocardium. For example, it may be involved in the pathophysiology of atrial fibrillation through atrial accumulation of MPO accompanied by augmented fibrosis as demonstrated in mice and humans with atrial fibrillation.[^25^](#ehf212700-bib-0025){ref-type="ref"} This suggests that MPO potentially may be of importance also for the development of HFpEF where atrial fibrillation and fibrosis are major components.

Importance of coronary microvascular dysfunction in heart failure with preserved ejection fraction {#ehf212700-sec-0017}
--------------------------------------------------------------------------------------------------

Both MPO and uric acid correlated with the inflammatory protein calprotectin, which, similar to MPO, is released from neutrophils. This association, and also with arginine and arginine/ADMA, suggests a correlation between neutrophil involvement and reduced NO production. Also ADMA has been suggested to regulate MPO release from neutrophils, and MPO oxidative activity has been shown to inhibit dimethylarginine dimethylaminohydrolase activity, the enzyme metabolizing ADMA.[^8^](#ehf212700-bib-0008){ref-type="ref"} In the current study, we did not find correlations supporting these mechanisms, but there was a weak correlation between MPO and ADMA, potentially confounded by the impact of eGFR on ADMA.

The elevated calprotectin concentrations in our HFpEF patients correlated with NYHA class and hypertension. Calprotectin binds to the RAGE receptor (receptor for the advanced glycation end‐products) and toll‐like receptor 4 (TLR4) shown be important for endotoxin‐induced dysfunction of the cardiomyocytes.[^26^](#ehf212700-bib-0026){ref-type="ref"} Further, there was an association between MPO, uric acid, and calprotectin and BMI linked to underlying co‐morbidities such as hypertension and diabetes. These conditions have been proposed as drivers of the HFpEF disease initiating endothelial dysfunction and microvascular inflammation.[^4^](#ehf212700-bib-0004){ref-type="ref"}, [^27^](#ehf212700-bib-0027){ref-type="ref"} In support of this hypothesis, we have recently revealed that 75% of patients with HFpEF do have coronary microvascular dysfunction assessed as depressed coronary flow reserve, which also was associated with endothelial dysfunction.[^28^](#ehf212700-bib-0028){ref-type="ref"}

Uric acid as a reflector of myeloperoxidase {#ehf212700-sec-0018}
-------------------------------------------

In endothelial dysfunction, there is a depletion of NO as a consequence of oxidative stress. It is not clear if oxidative stress or MPO elevation initiates the process, but MPO may be an important contributor. When exposed to oxidative stress, human endocardial endothelial cells express MPO.[^29^](#ehf212700-bib-0029){ref-type="ref"} As activated MPO consumes NO, this causes protein chlorination or nitration, eventually leading to tissue damage and subsequent remodulation. This has been demonstrated in chronic HF (mean EF 27%) where MPO was associated with the cytoplasmic protein heart‐type fatty acid‐binding protein reflecting myocardial damage.[^30^](#ehf212700-bib-0030){ref-type="ref"}

It is important to stress that the current study investigated the correlation between systemic plasma levels of MPO and other biomarkers and features of HFpEF, and it is not known how well the plasma concentration of MPO reflects the enzymatic activity in the tissue, such as in the vascular wall. Possibly, only a portion of the circulating MPO is a result of activation and degranulation of neutrophils because MPO is also constitutively secreted by neutrophils.[^31^](#ehf212700-bib-0031){ref-type="ref"} A more plausible role of the plasma MPO pool is that it feeds the vasculature with MPO that is trapped, endocytosed, and bound to proteoglycans in the subendothelial compartment, where it may be enzymatically active.[^32^](#ehf212700-bib-0032){ref-type="ref"} Accordingly, biomarkers representing the tissue activity of MPO would possibly better reflect the contribution of MPO to HFpEF pathophysiology. Although the link between MPO, vascular dysfunction, and uric acid is yet to be proven, uric acid may represent such a biomarker. Uric acid is accumulated in hypoxic situations, because of a net increase in ATP consumption and increased purine catabolism by local (endothelial) xanthine oxidase (XO) that generates xanthine and uric acid, along with the reactive oxygen species superoxide anion and hydrogen peroxide.[^33^](#ehf212700-bib-0033){ref-type="ref"} Notably, MPO is also enzymatically involved in this process, by oxidizing xanthine into uric acid,[^34^](#ehf212700-bib-0034){ref-type="ref"} as well as uric acid into radicals that form adducts on proteins[^35^](#ehf212700-bib-0035){ref-type="ref"} inhibition of MPO.

In HF, inhibition of oxidative stress related to purine oxidation appears interesting, but XO inhibition investigated in clinical trials in HFrEF improvement of clinical outcomes and prognosis has so far been unsuccessful.[^36^](#ehf212700-bib-0036){ref-type="ref"}, [^37^](#ehf212700-bib-0037){ref-type="ref"} However, it may be more relevant to try this concept in HFpEF where oxidative stress and microvascular endothelial dysfunction are suggested as fundamental parts of the pathophysiology and development of the disease.[^4^](#ehf212700-bib-0004){ref-type="ref"}, [^27^](#ehf212700-bib-0027){ref-type="ref"}

Prognosis {#ehf212700-sec-0019}
---------

MPO has been demonstrated as a prognostic predictor in HFrEF and ADHF.[^13^](#ehf212700-bib-0013){ref-type="ref"}, [^15^](#ehf212700-bib-0015){ref-type="ref"} In HFpEF, prognostic implications of MPO have not previously been studied; however, in an HF cohort including 79 (28%) patients with HFpEF, diastolic vs. systolic HF did not influence the prognostic value of MPO.[^12^](#ehf212700-bib-0012){ref-type="ref"} We could not confirm MPO as a prognostic predictor in HFpEF; however, uric acid possibly reflecting MPO activity was associated with outcome. Elevation of uric acid is a well‐known predictor of mortality in HFrEF[^38^](#ehf212700-bib-0038){ref-type="ref"} also demonstrated in HFpEF.[^39^](#ehf212700-bib-0039){ref-type="ref"}, [^40^](#ehf212700-bib-0040){ref-type="ref"}

Limitations {#ehf212700-sec-0020}
-----------

This is a relatively small single cohort study, and there is therefore a potential lack of power. The potential roles of MPO and uric acid as prognostic markers should be investigated in larger HFpEF studies. There was a difference in age and gender between the patients and the healthy controls. Further, the protocol did not require structural heart disease or diastolic dysfunction as it was designed prior to the 2012 and 2016 ESC guidelines; however, 94% of the study population did comply with the present criteria of HFpEF as recommended by ESC 2016 guidelines.[^41^](#ehf212700-bib-0041){ref-type="ref"} We analysed several biomarkers as reflectors of inflammation, endothelial function, and oxidative stress. We do, however, acknowledge that additional biomarkers such as 4‐hydroxy‐2‐nonenal or 3‐nitrotyrosine would provide even more evidence of oxidative and nitrosative stress. Drugs lowering uric acid levels such as allopurinol may have influenced the results but were not registered.

Conclusions {#ehf212700-sec-0021}
===========

In HFpEF, we found higher concentrations of MPO and biomarkers reflecting inflammation and neutrophil involvement. MPO‐dependent oxidative stress may be reflected by uric acid and calprotectin. NO availability and endothelial dysfunction reflected by SDMA were associated with diastolic dysfunction and arginine/ADMA ratio with structural remodelling. Uric acid was a significant prognostic predictor, which may mirror MPO activity contributing to endothelial microvascular dysfunction. This may suggest MPO‐dependent oxidative stress and xanthine oxidase as components in the development of the HFpEF syndrome introducing potential future treatment targets.
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